Background: Patients scheduled for major elective noncardiac surgery frequently undergo preoperative medical consultations. However, the factors that determine whether individuals undergo consultation and the extent of interhospital variation remain unclear. Methods: The authors used population-based administrative databases to conduct a cohort study of patients, aged 40 yr or older, who underwent major elective noncardiac surgery in Ontario, Canada, between April 2004 and February 2009. Multilevel logistic regression models were used to identify patient-and hospital-level predictors of consultation. Results: Within the cohort of 204,819 patients who underwent surgery at 79 hospitals, 38% (n ϭ 77,965) underwent preoperative medical consultation. Although patient-and surgery-level factors did predict consultation use, they explained only 5.9% of variation in consultation rates. Differences in rates across hospitals were large (range, 10 -897 per 1,000 procedures), were not explained by surgical procedure volume or hospital teaching status, and persisted after adjustment for patientand surgery-level factors. The median odds of undergoing consultation were 3.51 times higher if the same patient had surgery at one randomly selected hospital as opposed to another. Conclusions: One-third of surgical patients undergo preoperative medical consultation. Although patient-and surgery-level factors are weak predictors of consultation use, the individual hospital is the major determinant of whether patients undergo consultation. Additional research is needed to better understand the basis for this substantial interhospital variation and to determine which patients benefit most from preoperative consultation.
P REOPERATIVE consultations by internal medicine
specialists (hereafter referred to as "preoperative medical consultations") play an important role in the care of patients undergoing major surgery. They may be especially helpful for the many surgical patients who have medical comorbidities. For example, approximately 20% have diabetes mellitus, 1 whereas 14% have chronic obstructive pulmonary disease. 2 For such patients, the preoperative consultation is an opportunity to better document comorbid disease, undertake risk stratification, optimize factors associated with preexisting medical conditions, initiate interventions intended to decrease perioperative risk, and defer or cancel surgery.
Despite these presumed benefits for intermediate-tohigh-risk patients, the factors that determine whether an individual does or does not undergo preoperative medical consultation remain unclear. Current data addressing this issue are limited. Previous studies generally were single-center in design and reported consultation rates ranging from 10% to 40%, [3] [4] [5] [6] [7] [8] thus suggesting important practice variation between hospitals. Similarly, consultation rates may differ substantially across surgical services, even after adjustment for patients' medical comorbidities. 4 In addition, previous research has suggested that medical comorbidities are not the most important determinant of preoperative consultation. For example, more than half of patients who underwent consultation in two previous North American studies were considered low-risk patients. 9, 10 Given the overall paucity of relevant data and the limited generalizability of previous single-center studies, we conducted a population-based cohort study in Ontario, Canada. Our objectives were to (1) identify the patient-and hospitallevel determinants of preoperative medical consultation; (2) describe the extent of any interhospital variation; and (3) describe the association of hospital-specific consultation rates with related processes of care and outcomes.
Materials and Methods
After research ethics approval was received from Sunnybrook Health Sciences Centre, Toronto, Ontario, Canada, we used population-based administrative healthcare databases to undertake a retrospective cohort study in Ontario, Canada. These databases were the Discharge Abstract Database (DAD) of the Canadian Institute for Health Information (hospital admissions), the Ontario Health Insurance Plan (OHIP) database (physician service claims), the Registered Persons Database (demographics and vital statistics), the Institute for Clinical Evaluative Sciences Physician Database (physicians' specialties), the Ontario Drug Benefit database (prescription medications for individuals 65 yr and older), and the Canadian census. Although the databases lack physiologic and laboratory measures, such as blood pressure or hemoglobin, they have been validated for many outcomes, exposures, and comorbidities. [11] [12] [13] [14] [15] Unique anonymous identifiers were used to link healthcare information on the same individuals across these data sets. During the study period, Ontario was Canada's most populous province, with more than 13 million residents, all of whom have universal access to physician and hospital services through a publicly funded healthcare program.
Overview of Preoperative Processes of Care in Ontario
Any patient scheduled to undergo elective surgery at an Ontario hospital must undergo a documented preoperative history and physical, which is typically performed by the patient's primary care physician or surgeon. In Canada, adult primary care is almost exclusively provided by family physicians, whereas general internists and specialists principally perform a consultative role. 16, 17 As opposed to the mandatory preoperative history and physical, referrals for preoperative consultations by internal medicine specialists are left to the discretion of the responsible surgeon or anesthesiologist. The responsible surgeon may also refer a patient for preoperative anesthesia consultation, which is distinct from the routine in-hospital evaluation by the responsible anesthesiologist on the day before or the morning of surgery. 18 Instead, the patient undergoes a formal consultation with an anesthesiologist several days to weeks before surgery, typically in an outpatient preassessment clinic. These preoperative anesthesia consultations are identified by distinct physician billing codes in the OHIP database.
Assembly of Study Cohort
We retrospectively identified all Ontario residents, aged 40 yr or older, who underwent the following elective noncardiac surgeries between April 1, 2004 and February 28, 2009 : abdominal aortic aneurysm repair, carotid endarterectomy, peripheral vascular bypass, total hip replacement, total knee replacement, large bowel surgery, liver resection, Whipple procedure, pneumonectomy, pulmonary lobectomy, gastrectomy, esophagectomy, nephrectomy, or cystectomy. These procedures were selected because they are associated with intermediate to high risk, 19 are applicable to either sex, and can be identified using the DAD. 20 -22 Procedural information in the DAD is very accurate. 15 To reduce variability caused by low procedure volumes, we excluded data from hospitals that did not perform at least 10 eligible procedures during each year of the study period (i.e., 50 or more procedures during the study period).
Because there is no specific OHIP fee code to identify medical consultations for preoperative evaluation, as opposed to nonoperative indications, we used a validated claims-based definition: an OHIP claim for a consultation by a cardiologist, general internist, endocrinologist, geriatrician, or nephrologist within 4 months (120 days) before the index surgery. Although this 4-month interval may not be typical of some other jurisdictions, it is consistent with typical preoperative wait times in Ontario. Specifically, once patients have been deemed to require surgery, the time required for 90% of them to undergo their scheduled procedure is 58 days for cancer surgery, 104 days for vascular surgery, and 192 days for orthopedic surgery.# In addition, compared with reabstraction of primary medical records in a multicenter validation study, this algorithm had a sensitivity of 90%, specificity of 92%, positive predictive value of 93%, and negative predictive value of 90%. 23 Demographic information (age, sex) was obtained from the Registered Persons database. We used validated algorithms to identify patients with diabetes mellitus or hypertension. 12, 14 The OHIP database was used to identify patients who required dialysis before their index surgery. Using the DAD, we used previously described methods to identify other comorbidities based on International Classification of Diseases codes (ninth or tenth revisions) from hospitalizations within 3 yr before surgery: coronary artery disease, congestive heart failure, atrial fibrillation, cerebrovascular disease, peripheral vascular disease, pulmonary disease, chronic renal insufficiency, previous venous thromboembolism, liver disease, peptic ulcer disease, rheumatologic disease, hemiplegia or paraplegia, malignancy, and dementia. 24 -26 The OHIP database was used to identify outpatient anesthesiologist consultations within 60 days before surgery, 18 outpatient specialized testing (noninvasive cardiac stress tests, echocardiograms, pulmonary function tests), 27,28 epidural anesthesia or analgesia (hereafter referred to as "anesthesia"), 1 and intraoperative invasive monitoring. The Ontario Drug Benefit database was used to identify outpatient prescriptions for related medications (␤-blockers, statins) in individuals 65 yr and older. Patients' socioeconomic status was estimated based on their neighborhood median income in the Canadian census, and their residence (rural vs. urban) was determined using Statistics Canada definitions. 29 In addition, we ascertained all-cause mortality at 30 days after surgery, which is accurately captured by the DAD (in-hospital events) and Registered Persons Database (out-of-hospital events). 30
Statistical Analysis
We initially used standardized differences to compare the characteristics of patients who did or did not undergo preoperative medical consultation. 31 A multilevel logistic regression model was then used to determine the adjusted association of patient-(demographics, neighborhood income quintile, rural residence, comorbid disease, surgery) and hospital-level (teaching status, surgical procedure volume) factors with preoperative medical consultation, while accounting for clustering of patients within individual hospitals. This multilevel model, also termed a "random intercept model," is a standard multivariable logistic regression model that includes an extra term to characterize random differences in consultation rates between hospitals. We used methods previously described to categorize hospitals into quartiles 32 based on the total volume of included procedures. The final model included all patient-and hospital-level factors, as well as any clinically sensible interaction terms that had P values Ͻ0.20 and improved model fit. For the final model, discrimination was measured using the c index, calibration was evaluated using observed-versus-predicted plots, and proportion of explained variation was measured by the squared Pearson correlation between observed and predicted outcomes. 33 We used the variance inflation factor to assess for any multicollinearity within the model.
Given the interpretational difficulties of the intraclass correlation coefficient with multilevel modeling of binary outcomes, we used the median odds ratio to measure variability between hospitals. 34 The median odds ratio is the median value obtained comparing the adjusted odds of undergoing consultation if the same individual underwent surgery at two different randomly selected hospitals. Because it always involves comparisons of higher-ranked versus lowerranked hospitals, the median odds ratio has a value greater than or equal to one. It characterizes heterogeneity across hospitals, is adjusted for patient-level covariates, and may be directly compared against odds ratios of patient-level characteristics. 34 For example, a value of 1.50 suggests 50% higher odds of receiving preoperative medical consultation if the same patient had surgery at one randomly selected hospital as opposed to another.
Several analytical approaches were used to further evaluate interhospital variation in preoperative medical consultation. First, we measured the overall interhospital variation in rates of consultation. Second, descriptive statistics were used to compare the patient-level characteristics, hospital-level characteristics, and perioperative processes of care at hospitals with differing rates of preoperative medical consultation. Hospitals initially were ranked based on their unadjusted rates of preoperative medical consultation. The ranked hospitals were then categorized into quartiles with approximately equal numbers of patients. Finally, we used a Cox proportional hazards model to determine the association of hospital-specific consultation rates (categorized into quartiles) with 30-day postoperative mortality. This model adjusted for patient-level factors (demographics, neighborhood income quintile, rural residence, comorbid disease, surgery), hospital characteristics (teaching status, procedure volume quartile), and perioperative processes of care that may vary across hospitals (anesthesia consultation, epidural anesthesia, invasive monitoring). For these analyses, hospital-specific rates of anesthesia consultation, epidural anesthesia, and invasive monitoring were categorized into quartiles with approximately equal patient numbers. We used appropriate statistical methods to account for clustering of patients within hospitals 35 
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All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC), and a two-tailed P value Ͻ0.05 was used to define statistical significance.
Results
The study cohort consisted of individuals who underwent surgery at 79 hospitals. Within this cohort, 38.1% (n ϭ 77,965) underwent preoperative medical consultation. Patients who underwent consultation typically were older individuals who had surgery at teaching or very high-volume hospitals and had increased burdens of most comorbid diseases (table 1) .
The adjusted associations of patient-level factors with consultation are presented as odds ratios from a multilevel logistic regression model in table 1 of Supplemental Digital Content 1, http://links.lww.com/ALN/A791. Consultation was associated closely with increased age and comorbid disease. In addition, considerable variation existed across surgical procedures and hospitals with regard to consultation use. The median odds ratio across institutions was 3.51, meaning that the odds of receiving preoperative medical consultation was 3.5 times greater if the same patient had surgery at one randomly selected hospital as opposed to another. However, this interhospital variation was not explained by either hospital teaching status (P ϭ 0.81) or procedure volume (P ϭ 0.22). The regression model had good discrimination (c index 0.82), good calibration (based on an observed-vs.predicted plot), and explained 30.5% of the observed variation in consultation rates. By comparison, a logistic regression model that did not account for any hospital-level variation and included only the patient-level factors listed in table 1 of Supplemental Digital Content 1, http://links.lww.com/ALN/A791, showed poor discrimination (c index 0.64) and explained only 5.9% of the observed variation in consultation rates.
When the 79 hospitals were ranked with respect to rates of medical consultation, there was considerable interinstitutional variation ( fig. 1 ). The median hospital-specific consultation rate was 266 per 1,000 procedures (range, 10 -897). Although there was also considerable interinstitutional variation in preoperative anesthesia consultation (median 542 per 1,000 procedures, range 6 -967), there was no significant correlation (see fig. 1 of Supplemental Digital Content 2, http://links.lww.com/ALN/A792) between rates of anesthesia and medical consultation rates within the same institution (Pearson R, 0.13; P ϭ 0.13). Interhospital variation was also evident within subgroups defined by surgical procedure, such as major orthopedic (see fig. 2 of Supplemental Digital Content 2, http://links.lww.com/ALN/A792) or large bowel resection (see fig. 3 of Supplemental Digital Content 2, http://links.lww.com/ALN/A792) procedures. There was a moderate positive correlation of medical consultation rates between orthopedic and large bowel resection procedures within the same institution (Pearson R, 0.41; P ϭ 0.003).
When hospitals were ranked into quartiles based on unadjusted consultation rates, the mean consultation rate ranged from 120 per 1,000 procedures in the lowest quartile to 702 per 1,000 procedures in the highest quartile. This large gradient in consultation rates was accompanied by some differences in patient characteristics, hospital characteristics, preoperative testing, perioperative processes of care, and new preoperative medication prescriptions (tables 2 and 3 ). After adjustment for patient and hospital characteristics (see table 2 of Supplemental Digital Content 1, http://links.lww.com/ALN/A791, which shows the characteristics of the multivariable regression model used for risk adjustment), the differences in 30-day postoperative mortality across quartiles (table 4) were statistically significant (P Ͻ 0.001). Compared with the quartile with the lowest adjusted mortality rate, namely quartile 2 (mean consultation rate, 219 per 1,000 procedures), the adjusted hazard ratio for 30-day mortality was 1.13 (95% CI, 0.95-1.34; P ϭ 0.16) in quartile 1 (consultation rate, 120 per 1,000 procedures), 1.07 (CI, 0.91-1.25; P ϭ 0.42) in quartile 3 (consultation rate, 432 per 1,000 procedures), and 1.33 (CI, 1.14 -1.55; P Ͻ 0.001) in quartile 4 (consultation rate, 702 per 1,000 procedures).
Discussion
In this population-based cohort study, preoperative medical consultations for major elective noncardiac surgery were relatively common, having been performed in approximately one third of patients. Referrals for consultation were associated with several patient-level characteristics, including older age, comorbid disease, and type of surgery. However, differences in consultation rates across surgeries did not reflect their inherent operative risks. Even after adjustment for patient-level factors, there remained substantial variation in consultation rates across hospitals, which was not explained by either teaching status or procedure volume.
Implications
Rates of medical consultation demonstrated substantial interhospital variation that was not explained by differences in medical comorbidities, operative risk, hospital teaching status, or surgical procedure volume. Compared with the median odds ratio of 3.51 across hospitals, the highest odds ratio associated with any single patient comorbidity was 1.85 (see table 1 of Supplemental Digital Content 1, http://links.lww.com/ALN/A791), namely for coronary artery disease. This degree of interinstitutional variation, which is consistent with the wide range of consultation rates reported by previous single-center studies, [3] [4] [5] [6] [7] [8] is not completely unexpected. Practice variation is likely highest for any service for which there is little consensus about its appropriateness. 36 Although there are consensus-based guidelines for managing perioperative cardiac and pulmonary risk, 19, 37, 38 they make no clear recommendations regarding which patients require medical consultation before surgery. Consequently, preoperative medical consultation can be considered a service for which there is little consensus and thus would be expected to have a high degree of variation. 36 Although this variation is not surprising, it may have implications for patients and the healthcare system. When performed in patients who are unlikely to benefit from them, these consultations can increase healthcare costs while expos-ing some individuals to unnecessary, and potentially harmful, tests or interventions. 27, 28 Notably, there is no clear evidence that preoperative medical consultations improve outcomes. Indeed, previous observational studies have sug- 
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gested that consultations may worsen outcomes. Specifically, perioperative medical consultations were associated with increased hospital stay and a trend toward increased complications in a single-center American study, 3 whereas a population-based evaluation of preoperative medication consultations performed in Ontario from 1999 to 2004 showed that consultations were associated with slightly increased postoperative mortality. 39 The current study also lends some support to these previous findings, as evidenced by the higher rates of postoperative mortality at hospitals with high consultation rates (table 4) . However, our comparison of outcomes across hospitals with differing consultation rates should be viewed cautiously, especially because this analysis adjusted for relatively few hospital-specific confounders. Nonetheless, these observational studies, although not proving that preoperative medical consultations cause increased postoperative morbidity and mortality, do cast doubts on the appropriateness of the high consultation rates at many Ontario hospitals. The basis for the substantial interhospital variation in preoperative medical consultation remains unclear. Differences in individual surgeons' preferences may explain it in some part. However, we did not evaluate the impact of individual surgeons on consultation rates in the current study because of the analytical difficulties of comparing multiple surgeons nested within many different surgical specialties and hospitals. Thus, future studies should evaluate the influence of surgeons on consultation rates within a more homogenous group of surgical procedures (e.g., major joint replacement). Nonetheless, there is likely an important effect of the individual hospital on consultation rates, as evidenced by the moderate positive correlation between hospital-specific consultation rates for dissimilar surgeries, namely major joint replacement versus colon resection procedures. It is unlikely that hospital-specific financial incentives to physicians were a major influence on hospital-level variation because physicians at these Ontario hospitals were all compensated in a similar manner through service claims to the publically funded healthcare program. Consequently, the financial incentive to perform more consultations would have been similar across hospitals. In addition, institution-specific preferences for anesthesia consultation were not major influences on whether patients underwent medical consultation because there was little correlation between medical and anesthesia consultation rates. The hospital factors that may explain this substantial practice variation include facilities that aid preoperative consultations (e.g., dedicated preoperative assessment clinics), policies for the preoperative preparation of surgical patients, or institutional preference for the involvement of internists in perioperative care.
In the absence of previous data clearly defining which individuals most likely benefit from preoperative medical consultation, it is reasonable to assume that consultations should focus on patients who are at increased risk for perioperative complications because of medical and surgical risk factors. On that basis, our current study suggests that the unnecessary use of consultation in low-risk individuals is a real concern. The presence of medical comorbidities, although associated with preoperative consultation, explained only a small proportion of the substantial interhospital variation in consultation rates. In addition, although consultation rates varied across surgical procedures, thereby confirming a previous single-center study, 4 the variation was not consistent with the inherent operative risks of different procedures. For example, patients undergoing orthopedic surgery were at least as likely to undergo consultation as those undergoing abdominal aortic aneurysm repair, despite the latter being a much higher-risk procedure. 40
Future Directions for Research
Given that preoperative medical consultation was relatively common and its use varied considerably across hospitals, our results highlight several broad areas that warrant additional research. First, more high-quality studies are needed to identify efficacious interventions for reducing perioperative risk. Without such research, consulting internists will have few evidence-based approaches for improving the outcomes of intermediate-to-high-risk surgical patients. Second, the characteristics of patients who are most likely to benefit from preoperative consultation must be better established. Such information will help define "appropriateness" criteria that could guide surgeons' decisions about which patients to refer for preoperative consultation and thereby reduce interinstitutional variation in consultation rates. Third, our analyses should be replicated using data sources from other geographic regions. It would be of interest to know whether such studies identify considerable interinstitutional variation in consultation rates, as well as the same "J-shaped" correlation between consultation rates and mortality.
Finally, more research is required on factors that may explain the substantial interhospital variation in consultation rates. These studies should combine qualitative and quanti- Fig. 1 . Hospital-specific rates of preoperative medical consultation for major elective noncardiac surgery. Rates of preoperative medical consultation (per 1,000 procedures) for major elective noncardiac surgery at 79 individual Ontario hospitals in Ontario between April 1, 2004, and February 28, 2009 . The circles are point estimates, whereas the lines are exact binomial 95% CIs. The dashed horizontal line is the mean hospital-specific consultation rate.
Practice Variation in Preoperative Medical Consultation tative analytic strategies. Specifically, qualitative studies could use structured interviews of surgeons and internists at hospitals with differing consultation rates to identify factors that may explain the interinstitutional variation. In addition, future quantitative studies could enhance the detail of multivariable statistical analyses by incorporating information not available from the data sources in our current study. Potentially useful information could include the presence of dedicated preoperative assessment clinic facilities and the use of medicalsurgical comanagement models for postoperative care. 41
Limitations
Several limitations should be considered when interpreting the results of our study. First, although it characterized the predictors of preoperative consultation and its practice variation within Ontario, similar types of studies should be repeated in 
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other settings to determine the reproducibility of our findings. Several aspects of perioperative care in Ontario, such as the average preoperative wait time, the absence of internist involvement in primary care, 16, 17 and the degree of overall consensus regarding the need for preoperative medical consultation, may not be generalizable to other healthcare jurisdictions. For example, in jurisdictions where preoperative consultation is deemed "appropriate" for a higher proportion of surgical patients, there is likely to be a lower degree of interinstitutional practice variation. 36 Second, as with any area-level analysis, 42 the observed differences in postoperative mortality based on hospital-specific medical consultation rates do not imply that varying consultation rates were entirely responsible for the differences in perioperative outcomes. Hospital-specific rates are categorized into lowest (quartile 1) to highest (quartile 4) quartiles based on the overall hospital consultation rate during the study period. * Indirectly standardized using a logistic regression model that included patient-level factors. † Adjusted for patient-level factors, hospital teaching status, hospital procedure volume (categorized into quartiles), hospital rate of preoperative anesthesia consultation (categorized into quartiles), hospital-specific rate of epidural anesthesia (categorized into quartiles), and hospital-specific rate of invasive monitoring (categorized into quartiles). NA ϭ not applicable.
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Third, our administrative databases cannot account for patients who had their surgery canceled after being deemed unfit for surgery by the consulting internist. Nonetheless, such cancellations are rare, occurring after approximately 1-2% of preoperative consultations. 43, 44 Finally, these data sources lacked some important relevant information, such as specific hospital characteristics, most postoperative complications, 45 and measures of disease severity or surgical complexity. For example, unmeasured differences in disease severity, surgical complexity, and availability of preoperative assessment clinic facilities may have explained some of the residual interinstitutional variation in consultation rates. In addition, the availability of information on postoperative complications (e.g., myocardial infarction) might help further assess whether hospital-specific consultation rates affect clinical outcomes. Specifically, because surgical mortality rates are not always reliable indicators of hospital quality 46 and the observed 30-day mortality rates in our current study were less than 1%, mortality may not be the ideal outcome measure for assessing the value or harm associated with preoperative medical consultation.
Conclusions
Preoperative medical consultation for major elective noncardiac surgery was relatively common in Ontario, occurring in approximately one third of patients. Referral for medical consultation was associated with increased patient age and comorbid disease. Consultation use also varied across surgeries but in a manner that did not reflect the inherent operative risks of the surgical procedures. Although these patient-level factors (age, comorbid disease, surgery) were associated with medical consultation, the individual hospital site, independent of its teaching status or surgical procedure volume, was the major determinant of whether patients underwent consultation before surgery. Additional research is needed to better determine the basis for this substantial interhospital variation and which patients would benefit most from preoperative consultation.
